A total of 398 pigs (PIC 19 × 1050 or PIC 3 × C29, initially 13.56 ± 0.02 lb) were used in a 42-d growth study to compare the effects of increasing two different sources of encapsulated butyric acid on growth performance of nursery pigs fed meal diets. Dietary treatments were arranged as a 2 × 2 + 1 factorial with main effects of butyric acid source (ButiPEARL vs. ButiPEARLZ; Kemin Industries, Des Moines, IA) and level (low (1 or 1.38 lb/ton) vs. high (2 or 2.76 lb/ton) respectively) plus a control diet without any butyric acid. The inclusion rates of each product were established such that the same amount of butyric acid was contributed from each source for the low or high levels, respectively. Experimental diets were fed in three phases from d 0 to 7, 7 to 21, and 21 to 42. Pens of pigs (6 barrows and 4 gilts) were balanced by initial BW and randomly allotted to treatments, with 8 replications (pens) per treatment. From d 0 to 7, a source × level interaction (P < 0.05) was observed for ADG, ADFI, and F/G, with pigs fed diets containing ButiPEARL having improved performance at the low inclusion, but with those fed high butyric acid not different from the control. However, pigs fed ButiPEARLZ had poorer growth performance at the low level, with the high level having performance similar to the control. In Phase 2 (d 7 to 21), ADG and ADFI were not influenced by butyric acid source or level, but an interaction (P = 0.001) was observed for F/G as pigs fed ButiPEARL had poorer F/G as level increased; whereas pigs fed increasing ButiPEARLZ had improved F/G. For Phase 3 (d 21 to 42), increasing either butyric acid source tended (P = 0.060) to decrease ADG. Overall (d 0 to 42), butyric acid source or level did not affect ADG, ADFI or F/G. In conclusion, this study showed that pigs fed low ButiPEARL in Phase 1 (d 0 to 7) had improved growth performance compared to other treatments with only minor treatment effects observed thereafter. More research is warranted to determine if the butyric acid sources used in this experiment would elicit different responses in pelleted nursery diets.
Summary A total of 398 pigs (PIC 19 × 1050 or PIC 3 × C29, initially 13.56 ± 0.02 lb) were used in a 42-d growth study to compare the effects of increasing two different sources of encapsulated butyric acid on growth performance of nursery pigs fed meal diets. Dietary treatments were arranged as a 2 × 2 + 1 factorial with main effects of butyric acid source (ButiPEARL vs. ButiPEARLZ; Kemin Industries, Des Moines, IA) and level (low (1 or 1.38 lb/ton) vs. high (2 or 2.76 lb/ton) respectively) plus a control diet without any butyric acid. The inclusion rates of each product were established such that the same amount of butyric acid was contributed from each source for the low or high levels, respectively. Experimental diets were fed in three phases from d 0 to 7, 7 to 21, and 21 to 42. Pens of pigs (6 barrows and 4 gilts) were balanced by initial BW and randomly allotted to treatments, with 8 replications (pens) per treatment. From d 0 to 7, a source × level interaction (P < 0.05) was observed for ADG, ADFI, and F/G, with pigs fed diets containing ButiPEARL having improved performance at the low inclusion, but with those fed high butyric acid not different from the control. However, pigs fed Bu-tiPEARLZ had poorer growth performance at the low level, with the high level having performance similar to the control. In Phase 2 (d 7 to 21), ADG and ADFI were not influenced by butyric acid source or level, but an interaction (P = 0.001) was observed for F/G as pigs fed ButiPEARL had poorer F/G as level increased; whereas pigs fed increasing ButiPEARLZ had improved F/G. For Phase 3 (d 21 to 42), increasing either butyric acid source tended (P = 0.060) to decrease ADG. Overall (d 0 to 42), butyric acid source or level did not affect ADG, ADFI or F/G. In conclusion, this study showed that pigs fed low ButiPEARL in Phase 1 (d 0 to 7) had improved growth performance compared to other treatments with only minor treatment effects observed thereafter. More research is warranted to determine if the butyric acid sources used in this experiment would elicit different responses in pelleted nursery diets.
Introduction
With evolving research on feed additives in the nursery, there is an interest to determine which products are effective at increasing growth and efficiency of weaned pigs. One such feed additive is butyric acid, which is a short chain fatty acid that is used by the gastrointestinal tract to promote growth of the intestinal epithelium in monogastric animals. Due to the pungent odors commonly associated with it, and to make it easier to handle in feed mills, it is often encapsulated. Encapsulation is a process where a liquid can be captured inside of a shell through a spray freezing technology. The shell, which consists of a fat matrix, ensures that the ingredient is not digested immediately and can be released in the intestinal tract. Kemin Industries (Des Moines, IA) manufactures and markets an encapsulated butyric acid product called ButiPEARL. Recently, the company has developed a next generation encapsulated butyric acid product called ButiPEARLZ, which is suggested to have differing butyric acid release rates from the encapsulation matrix, that might impact growth performance. No data are available to compare the two products. Therefore, the objective of this study was designed to compare the two sources and levels of butyric acid, in meal diets on the growth performance of nursery pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol for this experiment. The study was conducted at the Cooperative Research Farm's Swine Research Nursery (Sycamore, OH), which is owned and managed by Kalmbach Feeds, Inc. Each pen had slatted metal floors and was equipped with a 4-hole stainless steel feeder and one nipple-cup waterer for ad libitum access to feed and water. To better reflect the increased challenge of rearing pigs in a commercial environment, rooms were not washed before the experiment to increase bacteria load.
A total of 398 pigs (PIC 19 × 1050 or PIC 3 × C29, initially 13.56 ± 0.02 lb) were used in a 42-d growth study. Pens of pigs (6 barrows and 4 gilts) were balanced by initial BW and randomly allotted to treatments with 8 replications (pens) per treatment. The 5 dietary treatments were initiated immediately after weaning and were arranged as a 2 × 2 +1 factorial with a control diet, the control + ButiPEARL (1 or 2 lb/ton; Kemin Industries, Des Moines, IA), and control + ButiPEARLZ (1.38 or 2.76 lb/ton). The inclusion rates of each product were established such that each source contributed the same amount of butyric acid for the low or high levels, respectively. Experimental diets (Tables 1 and 2) were fed in 3 phases from d 0 to 7, 7 to 21, and 21 to 42. Feed was manufactured at the Kalmbach Feeds feed mill and fed in meal form. Multiple feed samples were collected at the feeder during each phase and analyzed for CP, Ca and P (Ward Laboratories, Inc., Kearney, NE). Pig weight and feed disappearance were measured on d 0, 7, 14, 21, 28, 35, and 42 to determine ADG, ADFI, and F/G.
Data were analyzed using the PROC MIXED procedures of SAS (SAS Institute Inc., Cary, NC) in a randomized design with pen serving as the experimental unit. The main effects of butyric acid source and level, and their interactions, were tested with results considered significant at P ≤ 0.05 and a trend at P ≤ 0.10.
Results and Discussion
During Phase 1 (d 0 to 7), a source × level interaction (P < 0.05) was observed for ADG, ADFI, and F/G (Table 3) . This was the result of pigs fed diets containing Buti-PEARL having improved performance at the low inclusion level, with the high level no different than control; however, pigs fed ButiPEARLZ had poorer performance at the low level, with the high level having performance similar to the control (Table 3) . Also, pigs fed diets containing ButiPEARL had improved (P ≤ 0.005) ADG and ADFI and tended to have improved (P = 0.083) F/G compared to those fed ButiPEARLZ.
During Phase 2 (d 7 to 21), an interaction (P = 0.001) was observed for F/G, with pigs fed increasing ButiPEARL having improved F/G; whereas pigs fed increasing ButiPE-ARLZ having poorer F/G. No main effects of source or level were observed. In Phase 3 (d 21 to 42), ADG tended to be greater (P = 0.060) for pigs fed either low dietary butyric acid levels, than for those fed the high levels. Overall (d 0 to 42), there were no differences observed among treatments.
Previous research demonstrated that n-butyrate is the main energy substrate for colonocytes, where 75% of oxygen consumed by colonocytes is from metabolism of n-butyrate (Roediger, 1980 3 ). Furthermore, when diets included tributyrin (a compound composed of butyric acid and glycerol) and were fed with lacitol, this increased the mucosal thickness and villus length in the cecum (Piva et al., 2002 4 ).
In summary, this study shows that low levels of ButiPEARL will elicit improved growth performance of pigs the first week after weaning. More research is warranted to determine if the butyric acid sources used in this experiment would elicit different responses in pelleted nursery diets. 
